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Figure 1: Participants of the SOLAS Open Science Conference 2024.

As this event summary is being written, the
news tells us that the Southern California
wildfires in January 2025 will cost an estimated
$250 billion in economic loss. This is only one
example of extreme events brought by climate
change. The Surface Ocean-Lower Atmosphere
Study (SOLAS) has been dedicated to
understanding the key biogeochemical-physical
interactions and feedbacks between the ocean
and atmosphere for the past two decades. Over
this time, this interface has only become more
important and relevant with climate change and
increasing awareness of the science-social
dimensions relating to the use of the oceans.
From 10-14 November 2024, SOLAS organised
the 9th SOLAS Open Science Conference
(OSC) in Goa, India, to celebrate the 20 years of
success of SOLAS and look forward to its 3rd
decade. The conference brought together
approximately 250 participants from 25 countries
and regions to share their recent research
findings and network with colleagues worldwide.

The OSC 2024 featured 32 plenary talks and 97
poster presentations, which were aligned with
the core themes and cross-cutting themes of the
SOLAS 2015-2025 Science Plan.

Sam Dupont from the University of Gothenburg
delivered a keynote talk for core theme 1
"Greenhouse gases and the oceans",
highlighting the importance of bridging chemical
changes at different temporal scales with
biological response to address ocean
acidification. The session of core theme 2 "Air-
sea interface and fluxes of mass and energy"

featured the work of Shikha Singh from the
Indian Institute of Tropical Meteorology on the
role of mixed layer depth (MLD) in mediating air-
sea interactions. Core theme 3 "Atmospheric
deposition and ocean biogeochemistry" is
dedicated to exploring the impact of particles of
continental origin that enter the ocean from the
atmosphere. Catarina Guerreiro from the
University of Lisbon discussed how calcifying
phytoplankton responds to aeolian dust
deposition. The keynote presentation of core
theme 4 ‘“Interconnections between marine
ecosystems, aerosols and clouds" was given by
Manuela van Pinxteren at the Leibniz Institute
for Tropospheric Research, emphasising the
interplay of the three components in the climate
system. Core theme 5 "Ocean hiogeochemical
control on atmospheric chemistry" focuses on
how marine aerosols and reactive gases impact
the atmosphere. Yee Jun Tham from Sun Yat-
sen University introduced his study on the
heterogeneous recycling of reactive halogens in
the marine atmosphere.

The study of the five core themes has been
integrated to understand key environments,
such as upwelling systems, polar oceans and
sea ice, and the Indian Ocean. The keynote
presentations of these three sessions were
delivered by Boris Dewitte from the Center of
Advanced Studies in Arid Zones, Jessie
Creamean from Colorado State University and
Tanya Marshall from Princeton University,
respectively. The cross-cutting theme "SOLAS
Science & Society" focuses on SOLAS research
with social relevance and on activities that



Figure 2: Photo gallery of plenary sessions and poster sessions.

directly impact society by bringing natural and
social scientists together. The keynote speaker
of this session, Erik van Doorn from the
University of Wollongong, talked about
international law & policy concerning the air-sea
interface. Doug Wallace from Dalhousie
University introduced ocean-based climate
intervention with a focus on ocean alkalinity
enhancement for marine carbon dioxide
reduction (MCDR) and the use of oxygen
produced during green hydrogen production to

protect marine biodiversity from increasing
hypoxia in coastal waters for the "Climate
Intervention" cross-cutting theme.

The topic of ocean-based climate solutions led
to a special session of OSC 2024, which is
about how the 3rd decade of SOLAS science
will be structured. SOLAS 3.0 will be organised
around three pillars, i.e., discovery science with
a focus on extreme events in the SOLAS
domain, science towards solutions, and scientific




community and skill development. Angela
Landolfi from the Institute of Marine Sciences of
Italy gave a plenary presentation on the drivers
and impacts of extreme events on air-sea
interactions. Julie Dinasquet from the Scripps
Institution of Oceanography talked about how to
foster a SOLAS community built on equity,
international connections and integration with
early career scientists (ECS).

In addition to the oral and poster presentations,
scientists from the SOLAS community and
partner organisations convened nine discussion
sessions to identify new research frontiers and
collaborative opportunities. The OSC 2024 also
featured an ECS Day, a day of skill development
lectures and networking activities for ECS. In
addition, three side events were organised
before the main conference by the Working
Group (WG) 163 of the Scientific Committee on
Oceanic Research (SCOR) on Coupling of
ocean-ice-atmosphere processes: from sea-lce
biogeochemistry to aerosols and Clouds
(Clce2Clouds), SCOR WG 167 on Reducing
Uncertainty in Soluble aerosol Trace Element
Deposition (RUSTED), and the SOLAS Science
& Society theme team. More details about the
discussion sessions, ECS Day and side events
can be found in the following reports.

The OSC 2024 was closed with a SOLAS India
meeting to discuss how SOLAS Indian scientists
can work together and link with the International
SOLAS community. We sincerely thank the
tremendous effort that SOLAS India, especially
the host institution, National Institute of
Oceanography, has put into the conference. We
look forward to working with the global air-sea
interaction and climate science community,
partner organisations and stakeholders for the
next decade. See you all at the next OSC.
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The Early Career Scientist Day (ECSD) marked networking, and collaboration. This day,
the vibrant beginning of the SOLAS Open thoughtfully curated by the ECSD Committee,
Science Conference (OSC) 2024 on 10 featured interactive workshops, an engaging
November. The event brought together 41 mentorship initiative, and an inspiring field visit.
enthusiastic early career researchers, from The Early Career Scientist Day set the stage for
Masters students to young lecturers originating a fruitul SOLAS OSC 2024, empowering
from 12 different countries (Figure 3), creating a participants with new skills and networking
unique platform for professional development, opportunities to advance their scientific journeys.

Figure 3: Group photo during the Early Career Scientist Day.
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Event Organisation

The SOLAS-OSC 2024 ECSD was chaired by
Garima Shukla (CSIR-National Institute of
Oceanography, India) and supported by a
dedicated team of young researchers: Mansi
Gupta (Physical Research Laboratory, India),
Ranjan Kumar Sahu (CSIR - National Institute of
Oceanography, India), Ajay Bhadran (National
Centre for Polar and Ocean Research, India),
Dr. Morgane Perron (University of Brest,
France), and Dr. Douglas Hamilton (North
Carolina State University, USA). Participant
selection was made upon a registration call
based on career stage and motivations. A
creative idea of the ECSD Committee involved
the creation of ribbon tags to indicate whether a
conference attendee was an early career
researcher or attending their first SOLAS OSC

facilitated meaningful interactions and

networking opportunities. The ECSD event was A

launched around a welcome dinner on 9 ;“(mi{{ﬁ)
November, enabling early connections between jt { ;,Q'g

ECS participants. { “
AL

Workshops for Skills Development

The day began with a workshop titled
"Communication and Multimedia", led by Nidhi Figure 4: Nidhi Gulati (A) and Dr. Anoop Mahajan (B)
Gulati (Communications Director, Springer are giving thg Early Career Scientist Day. part.|C|pants
. . f valuable advice on the role of Multimedia and
Nature, India) and Dr. Anoop Mahajan (Senior communication in making science cool.
Scientist,  Indian  Institute  of  Tropical
Meteorology, Pune, India) (Figure 4A and 4B).
The session emphasised the importance of
effective science communication, using social
networks and multimedia tools to engage a
broader audience. Topics such as the
significance of storytelling, clarity in presenting
scientific ideas, and tips for explaining science
effectively were discussed. A QR code was
provided to download worksheets and resources
for continuous learning.

The second session focused on "Career
Development and Mentorship”, presented by Dr.
Shikha Singh (Scientist, Indian Institute of
Tropical Meteorology, Pune, India) (Figure 5).
This interactive workshop highlighted the pivotal Figurt? tSz;\blzL't irgk;;an}?f’iigs:t f(;‘lgggft‘:::n:gfs;a”% g::zs:
role of mentorship in advancing professional Engézmem_ 9 P
careers. Participants explored concepts like

selecting and leveraging mentorship through
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small team role-play activities and wearing, in
turn, the different hats of a mentor, a mentee,
and an observer. This dynamic exercise was
followed by an interactive discussion on the
roles and relationships of mentors and mentees
and the evolution of mentorship bonds through
career stages.

Mentorship Initiative

To wrap up the morning sessions, Dr. Douglas
Hamilton introduced the SOLAS Mentorship
Program, an initiative developed by the SOLAS
Early Career Scientist Committee to foster
capacity building and support early career-stage
researchers. A QR code was distributed to
obtain ECS expectations and feedback on the
future mentorship program (Figure 6), which will
be launched during the upcoming SOLAS
Summer School 2026 in Brazil.

Field Visit and Networking

The day concluded with an enlightening visit to
the National Centre for Polar and Ocean
Research (NCPOR), an institution pivotal in
managing India's Antarctic research stations and
polar science initiatives. Participants gained
insights into advanced oceanographic
measurements and the functioning of Indian
polar research facilities. Dr. Jenson George, a

scientist at NCPOR, delivered an engaging
introduction to the Arctic, Antarctic, and
Southern Ocean expeditions conducted by the
centre. His talk provided an overview of the
scientific operations at the Indian polar stations
Maitri and Bharati, and traced the history of
India's  significant  contributions to polar
research. Participants were also guided through
NCPOR's state-of-the-art laboratories, including:

A Paleoclimatology Lab (Ms. Viola
Rodrigues): Demonstrations of
foraminifera cleaning, microscopic
separation, and magnesium/calcium
ratios determination using Inductively
Coupled Plasma Mass Spectrometry
(ICP-MS) for dating sediment cores.

A Electron Probe Microanalyzer (EPMA)
(Dr. Koushik Sen): A detailed explanation
showcasing analyses of inorganic
chemical compositions in rock samples.

A Microbiology Lab (Dr. Vipin Das & Dr.
Jabir T): An introduction to advanced
instruments, including portable, highly
accurate DNA sequencers and their
applications in microbiological research.

A Column chromatography (Sai
Pavankumar Pillutla): The use of
chromatography to study the geothermal
vents and the nutrient enrichment was
explained to the participants.

=] P

Figure 6: Dr. Douglas Hamilton is introducing the mentorship program, a novel initiative aimed at fostering guidance for new

researchers.
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This enriching visit provided participants with an
understanding of the scientific endeavors at
NCPOR and the spectrum of
infrastructures/facilities supporting Indian polar
research. The day concluded with a relaxing
exploration of Goa's picturesque beaches and a
serene sunset at the Japanese Garden, offering
a harmonious blend of education and leisure.
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The Scientific Committee on Oceanic Research
(SCOR) working group 167 aims at reducing
uncertainty on soluble trace element deposition
(RUSTED) to the ocean through four main
objectives:

1) Identify gaps in the current knowledge on
aerosol micronutrients and (pollutants)
solubility in the atmosphere and their
bioavailability in the ocean.

2) Complete the first large scale aerosol
trace element solubility laboratory
intercomparison study and use it to
recommend a ‘“reference leaching
protocol” to be used in future studies.

3) Refine the understanding of aerosols'
trace elements chemical composition, its
link to environmental processes and to
oceanic solubility using atmospheric
tracers.

4) Use RUSTED new understanding to
validate and fine tune Earth System
model outputs on atmospheric trace
element solubility.

To achieve its goals (Figure 7), RUSTED
actively engages with the wider community
working at the air-sea interface, including
SOLAS and GEOTRACES. The Working Group
participates actively in feeding discussions and
stimulating networking across  relevant
disciplines. Deliverables of the RUSTED working

group by the end of its term will include: a
suggested reference protocol for assessing
aerosol trace element solubility, a glossary to
unify terms used in this discipline, and a 2-stage
development for the construction of an open-
access database for trace element solubility and
other relevant data.

The RUSTED Working Group was actively
represented during the SOLAS Open Science
Conference 2024, with the organisation of an
early career researcher (ECR) workshop on 9
November, and through a discussion session,
the display of a poster, and an open meeting on
atmosphere-ocean coupled modeling. The

Inter-
comparison

Standard

e athod Open data

Ocean models
Fe-MIP, SOLAS

Figure 7: RUSTED activites and how they can help
evaluate atmospheric models.
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Figure 8: RUSTED workshop participants from left to right; back row: Ravindra Sharma, Ashwini Kumar, Akinori Ito, Susanne
Fietz, Andrew Bowie, Douglas Hamilton, Natasha Majumder, Nicholas Meskhidze, Haley Plass, Medhavi Pande, Prema Panda,
Udisha Singh, Rohan Bhattacharyya; front row: Morgane Perron, Emtia Wium, Minako Kurisu, Debasmita Chaki.

RUSTED ECR workshop side event aimed at
fostering the research community working on
trace elements at the air-sea interface while
providing the opportunities for younger scientists
to connect with established researchers in their
research domain. Eleven ECR participants from
5 different countries attended the event, with a
70% female representation and a variety of
career stages from Master students to
postdoctoral fellows and young lecturers.
RUSTED emphasised participation of Indian
ECRs (70% of participants) working in India and
overseas to provide them with networking
opportunities within their home country.

The workshop was divided into two parts.
Morning presentations by members of the
RUSTED working group provided participants
with state-of-the-art knowledge on atmospheric
trace element deposition to the ocean. Topics
discussed included the key role of trace element
deposition to the ocean and the uncertainties and
challenges associated with such studies. The

most recent literature on both observation and
modeling approaches were covered. Participants
engaged in interactive Q&A discussions on
commonly mis-understood terms and facts
including the notion of trace element solubility in
the atmosphere (Figure 9A). A final morning
presentation was delivered on "how to make
science relevant to society”. In this framework,
Dr. Erik van Doorn (University of Wollongong,
Australia) shared his experience of attending and
facilitating trans-disciplinary meetings with the
example of the parallel side event to the
conference on "Science and Society". In the
afternoon, participants were guided through 2
practical activities: one on aerosol sampling and
sample processing techniques using facilities
available at the CSIR-National Institute of
Oceanography (NIO, Goa, India, Figure 9B) and
another on the basics of reading and visualising
modeling output files.

RUSTED ECR workshop participants also
attended communication and mentorship

e ———— sssssssssssssssssssssssmmm————————SSme
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workshops, as well as visited the National Centre
for Polar and Ocean Research, as part of the
SOLAS Open Science Conference Early Career
Scientist Day (ECSD) on Sunday 10 November.
A networking dinner event was organised on the
Saturday evening for participants to get to meet
one another and bond in advance of the
conference's ECSD event.

Overall, the RUSTED workshop was a
successful one as it created new connections
between young scientists and established
researchers in their field of research, igniting
conversations ranging from academic careers to
project-specific questions. A participant survey
showed that that 70% of participants learned new
information from the workshop. The intimate
format of the workshop was highly appreciated
as it enabled participants to “"talk to all the

lecturers and discuss with them during the coffee
and lunch breaks" (Dr Minako Kurisu, University
of Tokyo, Japan) (Figure 9C). The broad
overview included in each lecture and the "slow
enough pace ensured young researchers do not
feel lost" any time during the workshop (Ms.
Emtia Wium, Stellenbosch University, South
Africa). One final highlight from the workshop
was the possibility for ECRs to meet with their
peers and "learn from each other's experience"
(comment from Mr. Ravindra Sharma, National
Institute of Oceanography, India). Even some of
the lecturers (Prof Susanne Fietz) still had much
to learn through the lectures and visualisation
workshop that they can now in turn teach in their
own classrooms. The ECR/Established
Researcher discussions stimulated further follow-
up meetings throughout the conference week.

Figure 9: A: Active engagement of the early career researcher (ECR) participants through interactive Q&A discussions during
the RUSTED workshop morning lectures. B: Demonstration of the sampling equipment by host PhD students and postdoctoral
fellows at CSIR-National Institute of Oceanography, GOA. C: RUSTED ECR workshop lunch break was an opportunity for

participants and lecturers to exchange ideas and advice.

[N
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“Indian Institute of Tropical Meteorology, Ministry of Earth Sciences, Pashan, India.

Contact: anoop@tropmet.res.in

The Scientific Committee on Oceanic Research
(SCOR) working group Clce2Clouds is a joint
venture of the ocean and sea-ice oriented
BEPSII (Biogeochemical Exchange Processes
at Sea-lce Interfaces) community and the
atmospheric chemistry and sea-ice oriented
CATCH  (Cryosphere and  ATmospheric
CHemistry) community and aims at (1)
synthesising and refining the conceptual
representation of relevant processes and, (2)
addressing key uncertainties in the biological
and chemical controls on atmospheric
chemistry, aerosol and clouds in polar ocean
environments. Clce2Clouds held its 3 annual
hybrid meeting from 7-9 November in Goa, India
to report on updates on the synthesis and
coupled conceptual model developments of the
ocean-ice-snow-atmosphere (OISA) cycles of
sulphur, primary aerosols and nitrogen and in
particular to move forward with the development
of interdisciplinary campaign planning
recommendations.

With respect to a synthesis paper on the sulfur
cyle, led by Sakiko Ishino, active discussions
were held around dimethyl sulphide (DMS)
fluxes and photolysis in snow, DMS in melt
ponds, flux inhibition by freshwater lenses and
particularly the increased recognition of the
importance of methanethiol (MeSH). In addition,
discussions around modelling efforts were held
which included the possibility of including MeSH
in sea-ice DMS models and potential sensitivity
studies. Thoughts around the parameterisation
of higher emissions through temporally and
spatially limited cracks in sea ice were
discussed. Finally, an active collaboration using
prognostic ocean and DMS emissions to drive

an atmospheric transport model and a refined
machine learning method to better constrain
DMS fluxes from Coupled Model
Intercomparison Project Phase 6 (CMIP6)
models were presented.

The primary aerosol synthesis group discussed
mostly technical details to finalise their paper on
"Polar primary aerosols across the ocean-sea
ice-snow-atmosphere interface: from sources to
impacts", led by Jessie Creamean. Some
discussions focused on the addition of details on
bacterial and calcium enrichment in sea spray
aerosols.

With respect to the nitrogen cycle, it has become
clear that we simply do not have enough
information to properly describe the OISA
interactions and interconnected processes.
Clce2Clouds is now working towards a
commentary identifying the biggest gaps and
observations or experiments required to close
these gaps. In finalising these activities,
Clce2Clouds is excited to work with artist
Mrinmayi Davi from India (https://aranyag
aatha.wordpress.com/) to graphically represent
the conceptual models in all synthesis papers.

A major focus of this workshop was to develop
interdisciplinary observation planning
recommendations to guide future studies, and
address model and measurement gaps
(Clce2Clouds Terms of Reference (TOR) 4).
Building on our sulfur cycle and primary aerosol
conceptual models, we identified future needs in
observations and outlined requirements for fully
integrated, multidisciplinary and collaborative
OISA observations. The full-day discussion
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Figure 11: In-person group photo of Clce2Clouds workshop.



session identified four major themes underlying
challenges and opportunities for planning
interdisciplinary observations across the OISA
interface: (1) the spatial and temporal mismatch
in atmospheric and ocean/ice observations; (2)
planning and executing interdisciplinary
observations while avoiding limitations from
disciplinary silos and engaging modelers across
planning, execution & analysis; (3) managing
logistical conflicts and challenges arising from
disciplinary differences; and (4) cultivating
funding support for interdisciplinary science. The
discussion group proposed a range of solutions
to these challenges, highlighting myriad
opportunities  for observing technology
development. An outcome of Clce2Clouds work
in TOR 4 will be a publication describing a vision
for interdisciplinary observations across the
polar OISA Interface, using a set of two focused
examples derived from Clce2Clouds primary
aerosol processes and sulfur-cycle synthesis
papers to describe a proposed interdisciplinary
modeling and observational strategy.

In addition, Clce2Clouds is finalising a tutorial
paper discussing basic OISA processes in order
to facilitate cross-disciplinary research in this
field. All papers will be submitted to the new
Clce2Clouds special feature in the journal
Elementa. Clce2Clouds invites additional

submissions of papers discussing OISA
interactions from model, field or laboratory
studies: https://online.ucpress.edu/elementa/pag
20es/coupling of ocean ice atmosphere proce
sses from sea ice biogeochemistry to aeroso
Is and clouds cice2clouds

In 2025, Clce2Clouds will hold its annual
meeting online and finalise the SCOR working
group in February 2026 at Saroma-Ko in Japan,
in connection with the joint Clce2Clouds-
BEPSII-CATCH sea ice field school. More
details and the application process will be
shared widely in the community in 2025.

Finally, this year's Clce2Clouds meeting was the
second time the group has met in the Global
South. Discussions with scientists at the
National Centre for Polar and Ocean Research
(NCPOR), Ministry of Earth Sciences (MoES),
India, were held to continue to identify pathways
to integrate better scientists and expertise from
institutes in the Global South. These talks
resulted in identifying some concrete steps: first,
NCPOR scientists will be presenting their work
as a part of the future SOLAS/CATCH seminar
series and, second, MoES will provide funding
for students from India to join the joint
Clce2Clouds-BEPSII-CATCH sea ice field

school.
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SOLAS and Future Earth are committed to
bridging the gaps between science and society.
This event brought together leading experts from
diverse backgrounds, from ocean-atmosphere
interactions, social sciences, and humanities.
The two-day workshop focused on three key
topics, each session led by a social and a
natural scientist:

(1) Nature-based marine solutions to climate
change, led by Clare Heyward (Arctic University
of Norway, Norway) and Matt Woodhouse
(Commonwealth  Scientific and  Industrial
Research Organisation, Australia)

The effects of climate change are already being
felt, even before greenhouse gas emissions
reach a peak. The participants explored the
options that exist to enhance natural marine
processes to a) reduce or remove greenhouse
gas emissions and b) increase the resiliency of
existing environments to resist the impacts of
climate change. Initial discussions focused on
terminology, for instance, if carbon dioxide
removal falls under mitigation or rather
adaptation. A gut-feeling round on what a
nature-based solution could be, with examples,
set the scene for this break-out group. The term
'nature-based solution' might be too narrow and
natural climate solutions and marine climate
intervention were considered. The group also
engaged with the SOLAS statement on climate
intervention. Intervention, however, does not
always translate nicely into other languages.
Discussion then evolved around creating
awareness, training and capacity building. The
planned outcome, as a first step, is a
perspective paper that encompasses the
different aspects as discussed.

(2) Harmful algae blooms (HABs), led by Tanya

Brodie Rudolph (Stellenbosch University, South
Africa) and Julie Dinasquet (Scripps Institution of
Oceanography, USA).

HABs intensify with our changing planet, posing
risks to both ecosystem and public health and
the economy. The causes of HABs might be
rainfall, aquaculture, nutrient concentration etc.
To prevent effects on human health, early-
warning systems and modelling are necessary.
The participants in this break-out group
discussed how we can observe (through
satellites, for example), monitor, predict and
mitigate HABs, and what their impact is. These
issues are closely related to equity issues and
capacity building. The economic costs of HABs
can be those for clean-ups, in fisheries and
aquaculture, tourism, waterways and monitoring.
Mitigation efforts as well as adaptation strategies
are both necessary. The participants aim to write
a storytelling paper without scientific jargon,
including  experiences from Madagascar,
Zanzibar and the Philippines, which hopefully
catalyses a much larger workshop. Another idea
is to submit a proposal including equity for the
Belmont Collaborative Research Action in June
2025.

(3) Marine plastic, led by Sarah-Jeanne Royer
(The Ocean Cleanup, USA) and Aleke Stden -
O6Brien (World Mariti me

The detrimental impacts of (micro)plastics on
marine ecosystems have garnered widespread
attention in recent years. However, their
influence on ocean-atmosphere interactions
remains a relatively understudied area. Their
interactions with the atmosphere, including
processes such as aerosolisation, transport, and
deposition, remain poorly understood. A deeper
understanding of the complex interplay between
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Figure 12: A: Plenary session on the first day of SOLAS Science & Society workshop. B: Break-out group discussing nature-
based marine solutions to climate change. C: Break-out group discussing SOLAS aspects of marine plastics. D: Group picture
on day two including the on-line participants. E: Group picture on day two.

microplastics and the atmosphere is essential
for developing effective strategies to mitigate
their environmental impact and safeguard
marine and atmospheric ecosystems for future
generations. Plastics fall within all core themes
of SOLAS. At the start, the group discussed the
scientific background of the problem. There exist
many challenges to address plastic across the
air-sea interface. The first outcome has been a
SOLAS statement delivered to the latest
negotiation round for a global plastic pollution
treaty in Busan, South Korea. The negotiations
so far have only dealt with plastics in general.
Attribution to a source remains difficult. More
data are needed on, for example, textile,

shipping, and tyre wear. The question came up
how the international community should regulate
the chain from production via use to disposal.
Soon, the idea was born to establish a working
group on marine plastics. The group will write a
policy brief about the ocean-atmosphere
exchange of plastic by the end of 2024. A
perspective paper will likely be written by
February 2025. This could set in motion joint
research studies and the development of
science-informed policy solutions or legal
advocacy based on scientific evidence.
Participants also emphasised the need for
creating awareness, improved communication
and sharing of knowledge.




Community feedback on launching a SOLAS mentorship program
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Mentorship programs are one of the pillars to
promote  knowledge exchange between
scientists (Satterthwaite et al., 2022). Networks
in Earth science (e.g., ASLO, GOA-ON, IAPSO,
OCB, ECOP UN Ocean Decade, and others)
offer at least one type of mentorship program.
Despite these successful programs, SOLAS has
received requests from across its Early Career
Scientist (ECS) community to develop its own
mentorship program.

Approximately 22 people, ranging from early
career to senior researchers, attended the
SOLAS discussion session on 11 November
2024, in Goa, India (Figure 13). During the
discussion session we introduced the motivation
for a SOLAS mentorship program based on the
demand that emerged during previous SOLAS
events (Summer School 2023, Early Career
Scientist Day at Open Science Conference
2022). While motivated by ECS, mentorship also
benefits senior scientists, and it was mentioned
that they often have one or several mentors at

Figure 13: Discussion section on community feedback on
launching a SOLAS mentorship program.

any time, so the program plans to be open to all
career stages.

The session ran an interactive question and
answer session using Mentimeter®, the results
of this discussion are summarised below.

To engage people to participate in the
mentorship program and ensure there are
enough mentors for all registered mentees, the
SOLAS Summer School 2026 will be the target
launching platform - here mentors and mentees
will have an opportunity to first meet in person
and build networks for the SOLAS mentorship
programme to work outwards from. While the
mentee's motivation to sign up for such a
program seems obvious, there is oftentimes a
need for sustaining the mentor's motivation to
engage in the program. Creating a mentorship
certificate, or a yearly mentor award, were two
suggestions raised by the discussion
participants for showing appreciation or
supporting mentors of the program. Another idea
highlighted was the endorsement of the SOLAS
mentorship program as a UN Ocean Decade
action. This will raise awareness of the program
and further encourage international participation.

The SOLAS mentorship program is intentionally
designed to be unique so as to not overlap with
existing programs. While other classical
mentorship  programs  exist in  science,
technology, engineering, and mathematics
(STEM), SOLAS is unique in featuring both
physical and biogeochemical processes
impacting the atmosphere and ocean across
multiple scales. In addition to offering classical
mentorship (mentor-mentee) to address mentee
needs (methods development, data/sample
analysis, career advice, etc.), SOLAS could also
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make transdisciplinary mentorship connections
with, for example, artists, communication
experts, social scientists, and others. Other
unique offerings that were discussed include
short term objective-based mentorship (2 to 3
months) for very specific problems/techniques or
applying for a specific grant, support during
conferences (especially for first time attendees),
support for moving to a foreign country, or
support  while traversing the academic
landscape. These mentorship partnerships
would most likely follow a peer-to-peer
mentorship framework.

Strategies for successful mentorship include
setting realistic objectives, and establishing
expectations and goals. Mentors and mentees
both have to acknowledge their time and
availability for contributing to the mentorship
program. The SOLAS mentorship program will
explore pathways for offering guidance and/or
training that encourages emotional intelligence,
including how to provide constructive feedback.
There will be ways of changing mentors as
needs arise, while not burdening the
participants. The group also discussed ways of
evaluating the program, for example, using
anonymous evaluation to avoid conflicts, and
annual or biannual evaluation for project-based
mentorship. It was agreed that the evaluation
should depend on the type of mentorship. "How

Successful

to choose the mentor/mentee?" was one
question raised during the session with the aim
of ensuring a good fit between the mentor-
mentee pair. ldeas raised were centred on
personality matching in tandem with skills
matching. This could be achieved through a
short resume/profile that included some
description of values, principles, or life interests.
Mentees can then be given the option to choose
their mentor, instead of being assigned one.
Short recommendation letters, from both
mentors and mentees, could also help in
generating partnerships with a higher probability
of success. Cultural expressions and norms for
communication can be challenging, to address
this, the program can build in adaptation time
and clear guidelines on respectful and open
communication. Finally, the group submitted
responses on "how might successful and
unsuccessful mentorship look?", both of which
are included in the word cloud below (Figure
14).

Reference

Satterthwaite, E.V., Komyakova, V., Erazo,
N.G., et al. (2022). Five actionable pillars to
engage the next generation of leaders in the co-
design of transformative ocean solutions. PLoS
Biol., 20(10), e3001832. https://doi.org/10.1371/
journal.pbio.3001832

Unsuccessful

Figure 14: Mentimeter word cloud about the group idea of a successful (left) and unsuccessful (right) mentorship program.
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SOLAS processes missing from coupled models
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The discussion session focused on the current
status of SOLAS studied processes in coupled
global Earth System Models (ESMs), gaps,
scientific challenges, and future directions. The
participants discussed many key
biogeochemical-physical processes as well as
ocean-atmosphere interactions and feedbacks
that are currently missing from these models.
Effort was made to further classify these
processes based on their importance for climate
projections.

Key issues identified during the discussion
included the critical role of parametrisations of
sub grid scale processes, the importance of
observations for identifying and improving
shortcomings in models, the benefits of utilising
a hierarchy of models with varying complexity.
Furthermore, the potential of emerging machine
learning tools to enhance future modelling
efforts and data interpretation was highlighted.
Discussions also underscored that while
increasing resolution may improve the
representation of processes in boundary
systems and at the air-sea interface (a finding
that remains to be fully validated), further
advances may require the incorporation of new
parameterisations or more sophisticated process
representations.

The discussion session resulted in a compiled
list of processes identified as either poorly

represented or uncertain, sorted by their
importance for climate projections, their current
representation in ESMs, and their potential for
improved  representation  with  increasing
resolution. To give one example, the land-ocean
continuum and riverine influx representations in
climate models have been identified as
important drivers of uncertainty. This compilation
of processes is designed to foster discussion
and further exploration within the community,
providing input to World Climate Research
Programme (WCRP) modelling groups such as
the Working Group on Coupled Modelling
(WGCM).

Conclusions that can be drawn from all the
different contributions and opinions voiced
during the discussion sessions include the fact
that comprehensive assessments and
consolidations of different modelling approaches
are currently missing. Another conclusion of the
discussion is the importance of the exploitation
of data collected under SOLAS and the use of
regional data, in particular from the limited
number of observation networks in the Southern
Hemisphere. While accessing local and
regional-scale data for model validation and
process studies can be essential to verify and
improve parameterisations and validate specific
processes, it remains a recurring and
challenging issue which could benefit from
coordinated SOLAS efforts.



The coupling of ocean, sea-ice and atmospheric chemistry &
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The ocean areas covered by sea ice are
undergoing significant climate change, but many
important chemical, biological, and physical
processes and feedbacks in these areas are still
poorly  understood, particularly in  the
understudied Indian sector of the Southern
Ocean. In this discussion session, we fostered
new interactions among scientists working in the
polar oceans and at lower latitudes in the Indian
Ocean to explore ways we can help each other
better understand both regions and the
interactions between them. Through this
discussion session, the SOLAS-related sea-ice
research communities of Biogeochemical
Exchange Processes at Sea-lce Interfaces
(BEPSII), Cryosphere and  Atmospheric
Chemistry (CATCH), and Coupling of ocean-ice-
atmosphere processes: from sea-Ice
biogeochemistry to aerosols and Clouds
(Clce2Clouds) engaged with more scientists
who work in the Indian Ocean.

During this discussion session, Dr. Sarat C.
Tripathy (NCPOR, Goa, India) presented the
aim, scope and goals of Southern Ocean
Observing System (SOOS) and Indian scientific
activities in the Southern Ocean. Then, the
audience (about 70 people) was divided into 4
breakout groups (4 topics) to discuss specific
questions about research in the Indian sector of
the Southern Ocean:

Topic 1: What are the most important
mechanisms connecting the Southern and
Indian Ocean environments?

0 The strongest connection from north to
south occurs mainly at high altitudes via
the Breweri Dobson circulation.

O The strongest connection from south to
north is via deep water formation at the
poles and transport northward via the
thermohaline circulation.

O Interactions in the surface ocean and
lower atmosphere are primarily through
turbulent mixing across very strong
gradients. The fronts between the
southern Indian Ocean and the Indian
sector of the Southern Ocean are very
clear and obvious in almost all ways.

Topic 2: How can infrastructure and expeditions
in the Indian and Southern Oceans be better
leveraged to provide more integrated basin-scale
understanding?
0 Data transparency is required across the
entire Southern Ocean community.
O Leverage existing SOOS infrastructure to
create a consolidated data repository
(with transparency of data headers where
data is not yet publicly available).
O Establish a standard practice of basic
measurements to be carried out on every
expedition.




Figure 15: Breakout groups during the discussion session on the coupling of ocean, sea-ice and atmospheric chemistry &

biogeochemistry: a cross-disciplinary research challenge.

0 Enhance communication within the
community through the SOLAS Research
Cruises webpage (https://www.solas-
int.org/science/related-science/research-
crui ses.html).

0 Enhance the current predictive systems
to enable effective pre- and real-time
planning of experiments in the Southern
Ocean.

0 Encourage shared PhDs and projects
across the different national programs.
Further the interaction at high-level
expedition planning between different
national programs.

Topic 3: What emerging technologies/methods/
ideas hold the most promise for filling gaps in our
understanding of this region?

A wider variety of seawater and
atmospheric sensors for deployment on
moorings able to host measurements in
both the atmosphere and ocean.

Marine mammal-mounted conductivity,
temperature, and depth (CTD) sensors.
Continental stations for year-round data.
Satellite technologies to make
measurements in the Southern Ocean.
Monitoring stations on Antarctic Islands.
Electrically-powered ships to avoid
contamination for atmospheric
observation.

Machine-learning-based algorithms can
help fill data gaps but are limited by
available data for most parameters.
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Topic 4: How is the Indian sector of the Southern Ocean differs from those in the Atlantic
Ocean different from and similar to the Pacific and Pacific Oceans.
and Atlantic sectors? O In this context, it would be important to
o No other sector of the Southern Ocean is understand what influence anthropogenic
as hemmed in by land. The Indian Ocean activity has in the Indian sector of the
extends only to 30° in the Northern Southern Ocean, especially considering
Hemisphere and is surrounded on three the dynamical changes which affect the
sides by major landmasses and an seasonal exposure of the ocean to
archipelago. The Atlantic and Pacific continental emissions.
Oceans extend nearly from pole to pole. 0 Mesoscale eddies play a key role in the
Therefore, the current circulation pattern ocean dynamics in the Indian sector of
in the Indian sector of the Southern the Southern Ocean.
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